Boreal Lake Baikal, temperate Lake Biwa, and tropical Lakes Malawi and Tanganyika each possess high biodiversities of benthic organisms in their littoral areas. Two general mechanisms influencing the evolutionary development of these high biodiversities can be hypothesized; i.e., a bottom-up constraint depending on the availability of food resources, and a top-down effect exerted by predators especially within the fish assemblage. The bottom-up constraint may be prominent where the abundance of benthic organisms in the grazing-food-chain is restricted by a seasonally lowest production, referring chiefly to attached algae, and large fluctuations in the abundance of primary producers provide a resource that is eventually utilized by benthic organisms of the detritus-food-chain. The top-down effect may be realized where the most of benthic organisms are supported by a constantly large primary production. These hypotheses help to explain, for the lakes we cite, the facts that diverse grazing-food-chain organisms live on the littoral bottom of tropical lakes where there is relatively constant large algal production due to suitable conditions of water temperature and light penetration through the year; while on the other hand, detritusfood-chain organisms are predominant on the littoral bottom of a boreal lake with seasonally fluctuating algal production and its pronounced lowest production in a year. In fish communities, segregations in habitat and food resource are important mechanisms allowing development of high species packing, while cohabitation within predatory fishes increases their feeding success due to the decrease of defensive efficiency by the threat of a variety of attacking methods. A further top-down effect may be exerted by scaleeating fishes, especially in Lake Tanganyika. The presence of such predatory and harmful members may promote more dense packing of prey members to increase their mutual defense efficiency.
Introduction
Lake Baikal in the boreal zone, Lake Biwa in the temperate zone, and Lakes Malawi and Tanganyika in the tropical zone, each possesses high biodiversity. The distribution of unique biota in these lakes depends on hydrodynamics and basin topography (Tilzer & Serruya, 1990) . In deep Lake Baikal, many endemic species, such as baikalian sculpins and gammarids, are distributed down to its greatest depths where sufficient oxygen is provided by convective mixing through the column (Kozhova & Izmest'eva, 1998) ; in relatively shallow Lake Biwa, a variety of species including cyprinids, silurids and gastropods are abundant on shallow bottoms (Horie, 1984; Soumiya, 2000) ; and in Lakes Malawi and Tanganyika, where deep water is anoxic, a diverse array of cichlid fishes and gastropods inhabit especially the shallow rocky littoral areas (Fryer & Iles, 1972; Coulter, 1991) . Irrespective of such features specific to the respective lakes, highest biodiversity of benthic organisms occurs in the littoral, probably because of its topographical heterogeneity and penetration of solar radiation for primary production at the bottom. However, there have been few studies comparing the littoral biocommunities with those offshore, perhaps due to difficulties in sampling on topographically complex littoral bottoms. We suggest the study of these littoral communities is an urgent issue because they are vulnerable to various anthropogenic impacts (Nakai et al., 2002) .
Two general mechanisms influencing evolutionary development can be hypothesized; a 'bottom-up' constraint depending on the availability of food resources for benthic organisms, and a 'top-down' effect exerted by predators.
Bottom-up constraints
Many organisms in benthic littoral communities, such as cichlid fish and gastropods, are active in the daytime in the tropical lakes, Malawi and Tanganyika, whereas in the boreal lake, Baikal, most benthic organisms seem to be nocturnal. Such differences in daily activity of benthic organisms may be related partly to the productivity and the biomass of primary producers such as benthic algae and the abundance of detritus. We suggest that in these tropical lakes, the predominant organisms belong to the grazing-food-chain which depends on the primary production of attached algae, whereas in the boreal lake detritus grazers seem to predominate. The productivity and biomass of primary producers on the littoral bottom (i.e., benthic algae) are regulated by water temperature, light conditions and nutrient availability. Water temperature is higher in tropical than temperate and boreal lakes and the net annual primary production is therefore larger (Table 1). On the other hand, detritus consisting of dead material is supplied from the aquatic biocommunity and also from terrestrial sources by inflowing waters (although there appear to be few data on the flux of detritus). As precipitation around Lake Baikal is much smaller (Table 1) , the amount of detritus inflow from terrestrial ecosystems is thought to be much smaller.
Comparison of environmental features between these lakes is made in Table 2 and Figure 1 . Lake Baikal, a boreal lake, is characterized by low temperatures and small nutrient inflow due to few rains, sustaining relatively small levels of primary production in general; moreover, the ice cover during winter may cause severe damage to the shallowest habitat. In the case of temperate Lake Biwa, a large precipitation supplies abundant nutrients and detritus to the lake; and with moderate temperature and rich nutrient cycling high primary productivity is supported in general. Tropical lakes with much rain and high temperatures may support the highest littoral primary production.
Although a large biomass of algae has been reported in Lake Baikal (Kozhova & Izmest'eva, 1998; Sekino et al., 2002) , the key limiting factor for the grazing-food-chain on the littoral bottom must be the lowest levels of algal production in a year. Seasonal and temporal increase of algal biomass may be only an excess production that is not consumed by organisms of the grazing-food-chain, but which provides significant amounts of detritus available at the lake bottom to detritus-food-chain organisms (Fig. 2) . In the tropical lakes, the level of ''least'' algal production is believed to be much larger (Tilzer & Serruya, 1990) , and possibly sufficient to maintain a proportionately large biomass of grazing-food-chain organisms.
From the available data (e.g., Horie, 1984; Kawanabe et al., 1997; Kozhova & Izmest'eva, 1998) , the biomass of benthic animals seems to be more abundant in the tropical and temperate lakes than in the boreal lake Baikal (Table 1) .
These ideas suggest the following hypotheses concerning biodiversity on the littoral bottom ( Fig. 2): (1) The abundance of benthic organisms belonging to the grazing-food-chain is restricted by seasons of ''least'' primary production, referring mainly to attached algae. (2) Where large fluctuations in the abundance of primary producers occur, they provide a resource utilized eventually by benthic organisms of the detritus-foodchain. These hypotheses help to explain why comparatively diverse grazing-food-chain organisms live on the littoral bottom of tropical lakes, which have relatively constant algal production due to fairly constant temperature and light conditions throughout the year, whereas detritusdependent organisms predominate on the littoral bottom of boreal lakes with a minimum and seasonally fluctuating algal production (Fig. 3) .
Top-down effects
In the case of fish communities, large numbers of species tend to cohabit in small areas in tropical lakes, while fewer species cohabit in boreal and temperate lakes (Table 1) . Cichlid fishes in Lakes Malawi and Tanganyika are well known to develop highly adaptive modes of speciation in morphology and behavior (Fryer & Iles, 1972) . Of these two lakes, higher species packing probably occurs in Lake Tanganyika; and cichlid fishes, especially in Lake Tanganyika, show highly developed interactive behaviors including cooperative relationships for guarding territorial borders and increasing foraging efficiency (Kawanabe et al., 1997) . In Baikal, though only a few fish species cohabit in the littoral, sculpins show a wonderful speciation and habitat segregation on the bottom at greater depths. Segregations in habitat and food resource are important mechanisms to develop high species packing (e.g., Fryer & Iles, 1972) , and cohabitation within predatory fishes increases their feeding success due to the decrease of defensive efficiency by the threat of a variety of attacking methods (Hori, 1987) . Here, as one mechanism leading to more species packing, another top-down effect is hypothesized (Fig. 4) . That is an effect exerted by scale-eating fishes, especially in Lake Tanganyika where they are abundant. Such scale-eating is not lethal and is in fact of common occurrence. Many cases of highly developed defence mechanisms have been observed, such as cooperative watching against the attacks of scale-eaters, for example, in a heterospecific group of shrimp-eaters that occur in dense schools (Hori, 1987; Yuma, 1994) . In Lake Malawi, there are some fin-biters the effects of which should resemble those of scale-eaters in Lake Tanganyika--however, Malawian fin-biters are not as abundant. There are no such predators in Lakes Biwa or Baikal, where fishes may simply be segregated according to food habit and habitat utilization. In Lake Biwa, rich nutrients appear to support relatively high species packing. 
